The SIRT1 enzyme-stimulating and anti-glycation activities of Kaempferia parviflora extract and its main polymethoxyflavonoids were evaluated in vitro. K. parviflora extract elevated SIRT1 catalytic activity by eight-and 17-fold at 20 g/mL and 100 g/mL, respectively, compared with vehicle only. Two major polymethoxyflavonoids, 3,5,7,3',4'-pentamethoxyflavone (4) and 5,7,4'-trimethoxyflavone (5), were isolated from this extract and are four-and fivefold more potent than resveratrol, hitherto the strongest known natural SIRT1 activator. In addition, the anti-glycation activity of K. parviflora extract was observed to be seven times more effective than aminoguanidine, a clinical anti-diabetes drug. 3,5,7,3',4'-Pentamethoxyflavone (4) and 5,7,4'-trimethoxyflavone (5) showed the strongest anti-glycation activity among the tested polymethoxyflavonoids. Further comparison of the activity of these structurally related polymethoxyflavonoids revealed a possible structure-activity relationship, in particular, for the contribution of methoxy moieties.
Recently, Sirtuin 1 (SIRT1) has attracted much attention as a new longevity regulator. SIRT1, known as an NAD + -dependent deacetylase, plays many important roles not only by deacetylating histones but also modulating activities of various transcription factors/coactivators, such as p53, NF-κB, and PGC-1α. It is expected that the activation of SIRT1 in the brain, liver, pancreas, muscle, and fat cells delays the onset of aging-related diseases and extends healthy life expectancy [10] . Resveratrol, a natural polyphenol in red wine, was reported to be the most potent natural stimulator of SIRT1 enzymatic action [11] .
Glycation is a non-enzymatic and irreversible reaction between proteins and sugar to produce advanced glycation end products (AGEs). The accumulation of AGEs in skin leads to the browning of proteins and dulling of skin [12] and accumulation in blood vessels causes arteriosclerosis due to cross-bridge collagen [13] .
Recently, it was also reported that AGEs are involved in the development of diabetic cardiomyopathy by decreasing the expression of SIRT1 [14] .
In this paper, we reported the SIRT1 enzyme-stimulating and antiglycation activities of a K. parviflora extract and the major polymethoxyflavonoids of this extract. The structure-activity relationship is also discussed.
We evaluated the stimulating activities of samples on the SIRT1 enzyme using human SIRT1 enzyme (SE-239) and a synthetic peptide substrate that contained lysine 382 of p53 in vitro. The K. parviflora extract concentration dependently elevated the SIRT1 catalytic activity eight-and 17-fold at the concentrations of 20 g/mL and 100 g/mL, respectively, compared with vehicle only. At the above concentrations, the potencies of K. parviflora extract are four-and five-fold those of resveratrol, the most potent natural SIRT1 activator [11] (Figure 1 ).
On the basis of the above results, the K. parviflora extract was further partitioned using water and EtOAc. The EtOAc fraction showed more potent SIRT1-stimulating activity, 16-and 23-fold that of vehicle only, at the concentrations of 20 g/mL and 100 g/mL. Further separation of this bioactive fraction by repeated column chromatography resulted in the isolation of five polymethoxyflavonoids: 3,5,7-trimethoxyflavone (1), 3,5,7,4'tetramethoxyflavone (2), 5,7-dimethoxyflavone (3), 3,5,7,3',4'pentamethoxyflavone (4), and 5,7,4'-trimethoxyflavone (5) ( Figure  2 ). The structures were identified by detailed spectroscopic analysis and comparison with literature data [15] . These compounds are major components of K. parviflora extract, which was demonstrated by HPLC analysis and quantity determination of polymethoxyflavonoids in the K. parviflora extract. The contents of polymethoxyflavonoids 1, 2, 3, 4, and 5 in the K. parviflora extract were 0.9%, 2.2%, 4.2%, 4.5%, and 4.6%, respectively. Polymethoxyflavonoids 1-5 were evaluated for their SIRT1stimulating activities. The stimulating activity of the samples on the SIRT1 enzyme was calculated as the ratio of fluorescent intensity between samples and vehicle ( Figure 1 ). At the concentrations of 2 g/mL and 10 g/mL, all compounds showed stronger stimulating activity than the positive control, resveratrol; compounds 4 and 5 were found to be the most active compounds and were four-and fivefold more potent than resveratrol at the concentration of 2 g/mL. This is the first report on the SIRT1 stimulation activities of polymethoxyflavonoids. Some flavonoids, such as quercetin, have been reported to have SIRT1-stimulating activities, but are less effective than resveratrol [11] . This suggests that the presence of polymethoxy moieties is an important factor for SIRT1 stimulation. Table 1 : Anti-glycation activity of compounds 1-5 and nobiletin (Mean ± SD, n=3).
NPC Natural Product Communications
In addition, we also evaluated the anti-glycation activities of the K. parviflora extract and the aforementioned five polymethoxyflavonoids 1-5 in vitro ( Table 1 ). The inhibition rate for the glycation reaction was determined by adding the samples to the reaction solution of human serum albumin and glucose and then comparing the AGE fluorescent intensity with the control. The IC 50 value of K. parviflora extract was 25.1 g/mL, which was seven times more effective than aminoguanidine (IC 50 = 165.5 g/mL), an anti-diabetes drug commonly used in the USA. Among the tested polymethoxyflavonoids, compounds 2, 4, and 5 showed the highest anti-glycation activities with IC 50 values of 9.6, 5.9, and 8.7 g/mL, respectively.
As shown in Table 1 , compounds 1-5 showed different levels of activity as SIRT1 activators and glycation inhibitors, though they are structurally similar compounds. Compounds 4 and 5 were more potent SIRT1 stimulators and glycation inhibitors than the other polymethoxyflavonoids used in this study. To discuss the structureactivity relationship, we also evaluated the activity of a common polymethoxyflavonoid from citrus, nobiletin (5,6,7,8,3',4'hexamethoxyflavone, Figure 2 ).
A comparison of the anti-glycation activity of compounds 5 and 3 suggested that the methoxy moiety at C-4' of ring B was essential for the observed activity. The methoxy moiety at C-3' of ring B only contributed to the activities to a small extent, as revealed by comparing the activities between compounds 4 and 2. Furthermore, the polymethoxyflavonoid nobiletin, which has two additional methoxy moieties at C-6 and 8 of ring B compared with compound 4, showed weak SIRT1-stimulating activity and no anti-glycation activity, suggesting that these two methoxy functions may play an important role in the down-regulation of activity. It has been reported that some antioxidants can scavenge the active oxygen radicals produced in the glycation process, and reduce the formation of reactive carbonyl compounds, leading to anti-glycation activity [17] . Polymethoxyflavonoids, which have been reported to have anti-oxidative activities [18] , were suggested to interfere in the glycation reaction through a similar mechanism.
As a natural SIRT1 activator, resveratrol has attracted much attention, and many dietary supplements containing resveratrol have been developed due to its notable SIRT1-stimulating activity. Borra et al. previously reported that resveratrol with a coumarin-labelled peptide affected a conformational change near the coumarinbinding site in SIRT1, which led to an experimental artifact [19] . In addition, some compounds, such as SRT1460, SRT1720, and SRT2183, have also been described as SIRT1 enzyme-stimulating compounds [20] . However, these compounds were also reported not to be direct stimulators of SIRT1, because SIRT1 activation by these compounds was not observed in native peptides [21] . Therefore, it will be necessary to argue the in vivo potency of the isolated polymethoxyflavonoids to elicit SIRT1-dependent biological activities. SIRT1 has been proven to regulate a number of targets involved in insulin resistance [22] , vascular senescence [23] , lipid metabolism [24] , and inflammation [25] . Conversely, K. parviflora has been reported to and was found to improve metabolic syndrome in TSOD mice, a spontaneously obese Type II diabetes model [6, 7] . Antiinflammatory activity was also observed for the K. parviflora extract [3] . It is reasonable to believe that the effects of K. parviflora include all of the above due to the SIRT1-stimulating activity of the isolated polymethoxyflavonoids.
In conclusion, we found that the K. parviflora extract showed potent SIRT1 enzyme-stimulating and anti-glycation activities, and polymethoxyflavonoids were identified as being responsible for these. To our knowledge, this is the first report of an SIRT1 enzyme-stimulating activity of polymethoxyflavonoids. Two polymethoxyflavonoids, 3,5,7,3',4'-pentamethoxyflavone (4) and 5,7,4'-trimethoxyflavone (5), showed the most potent activity, Plant material: K. parviflora (rhizome) was collected in 2009 in Thailand, and a voucher specimen was deposited at the herbal museum in Tokiwa Phytochemical Co., Ltd.
Preparation of K. parviflora extract:
The dried rhizomes of K. parviflora (1 kg) were extracted with 80%, v/v, EtOH (10 L) by reflux, 2 times. The extraction solution was filtered, evaporated under vacuum, and mixed with dextrin to obtain the final dry extract powder (207.4 g).
Isolation of polymethoxyflavonoids:
The above-obtained K. parviflora extract (10 g) was suspended in water (100 mL) and partitioned with EtOAc (100 mL) 3 times. The EtOAc fraction, which exhibited the most potent SIRT1-stimulating activity, was subjected to a silica gel column and eluted with a gradient of nhexane-EtOAc in ratios from 90: 10 to 10: 90, to give 31 fractions. Further isolation of these fractions by preparative HPLC (Waters BONDASPHERE 5-C18-100A column, 150 × 19 mm i.d.) afforded 1 (14 mg), 2 (31 mg), 3 (253 mg), 4 (368 mg), and 5 (142 mg).
The 1 H and 13 C NMR spectroscopic data of compounds 1-5 were in good agreement with those of previously reported polymethoxyflavonoids: 3,5,7-trimethoxyflavone (1), 3,5,7,4'tetramethoxyflavone (2), 5,7-dimethoxyflavone (3), 3,5,7,3',4'pentamethoxyflavone (4), and 5,7,4'-trimethoxyflavone (5) ( Figure  2 ) [15] .
HPLC
analysis and quantity determination of polymethoxyflavonoids in K. parviflora extract: HPLC analysis of the obtained K. parviflora extract was conducted using a Shiseido Capcell PAK C 18 250×4.6-mm i.d. column, eluted with 0.1% HCOOH-CH 3 CN (70: 30) at a flow rate of 1.0 mL/min. The K. parviflora extract and each polymethoxyflavonoid standard compound were dissolved in 50%, v/v, EtOH and filtered through a 0.45-m membrane filter. The detection wavelength was 260 nm. Peaks were assigned by comparing the retention times between the K. parviflora extract and standard compounds.
Assay of SIRT1 enzyme-stimulating activity: SIRT1 enzyme activity was measured using an SIRT1 Fluorimetric Drug Discovery kit (AK-555, BIOMOL International, Plymouth Meeting, PA, USA [COSMO BIO Co., Ltd., Tokyo]) according to the manufacturer's protocol. All reagents (storage at -80C) were placed on ice until use. The 5 × Developer II (KI-176) and SIRT1 enzyme (SE-239) were slowly dissolved and the SIRT1 enzyme was diluted to 0.2 U/μL with assay buffer (KI-286). Sample solutions, at a concentration of 500 μg/mL in DMSO, were added at 10 μL/well, and the control was created by adding the vehicle (purified water or DMSO) instead of the test sample. Fluor de Lys-SIRT1, deacetylase substrate, (KI-177; 5 mM) and NAD+ (KI-282; 50 mM) were added at 15 μL/well, after being diluted to 3.33 times the final concentration. Each test sample solution (10 μL/well), SIRT1 enzyme solution (0.2 U/μL, 5 μL/well), and assay buffer (10 μL/well) were combined in a 96-well microplate, and the mixture was pre-incubated at 37C for 5 min. The combined 25 μL/well substrate solution was kept at 37C and further incubated at 37C for 10 min. Finally, Developer II/2 mM nicotinamide (reaction stop solution) was added at 50 μL/well, and the fluorescence was measured using a fluorescence microplate reader within 60 min after stopping the reaction (excitation wavelength 360 nm; emission wavelength 460 nm). The stimulating activity of the samples on the SIRT1 enzyme was calculated as the ratio of fluorescent intensity between samples and control (vehicle). Resveratrol contained in the kit was used as SIRT1 activator.
Determination of anti-glycation activity:
An in vitro glycation model was generated under the following conditions [16] . Briefly, the reaction solution containing 40 L of 8 mg/mL human serum albumin (HSA; Sigma Chemical, MO, USA), 20 L of 0.2 mo1/L glucose, 20 L of each sample, and 100 L of 0.05 mol/L phosphate buffer (PBS) (pH 7.4) was incubated at 60°C for 40 h. The samples were dissolved in DMSO and then diluted with water to the assigned concentrations. The fluorescence of AGEs was determined using the Infinite 200 microplate reader at an excitation wavelength of 370 nm and fluorescence wavelength of 440 nm. The AGE production inhibition rate was calculated as below. AGE production inhibition rate (%) = {1-(A-B)/(C-D)} ×100 A: Fluorescence intensity of reaction solution containing glucose and the sample. B: Fluorescence intensity of reaction solution containing water instead of glucose and the sample. C: Fluorescence intensity of reaction solution containing glucose and water instead of the sample. D: Fluorescence intensity of reaction solution containing water instead of the sample and water instead of glucose. IC 50 (g/mL) was calculated from the AGE production inhibition rate of each sample.
